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Available online 29 November 2014AbstractSearching for some reliable evidences that can verify the carbonification of organic matters in marine shales is a major scientific issue in
selecting shale gas fairways in old strata. To this end, based on core, logging and testing data, the electric property of two organic-rich shale
layers in the Lower Cambrian Qiongzhusi Fm. and the Lower Silurian Longmaxi Fm. in the southern Sichuan Basin was compared to examine
the carbonification signs of organic matters in the Qiongzhusi shale and its influence on gas occurrence in the shales. The following conclusions
were reached: (1) the electric property experiment shows that the Qiongzhusi shale in the study area has had carbonification of organic matters.
The low resistivity of dry samples from this highly mature organic-rich shale and ultra-low resistivity on downhole logs can be used to directly
judge the degree of organic matter carbonification and the quality of source rocks; (2) in the Changning area, the Qiongzhusi shale shows low
resistivity of dry samples and low to ultra-low resistivity on logs, indicating that organic matters are seriously carbonized, while in the Weiyuan
area, the Qiongzhusi shale shows a basically normal resistivity on log curves, indicating its degree of graphitization between the Longmaxi Fm.
and Qiongzhusi Fm. in the Changning area; (3) shale with medium-to-high resistivity is remarkably better than that with ultra-low resistivity in
terms of gas generation potential, matrix porosity and gas adsorption capacity; (4) industrial gas flow has been tested in the organic shales with
medium-to-high resistivity in the JianweieWeiyuaneTongnan area in the north, where the Qiongzhusi shale is a favorable shale gas exploration
target.
© 2015 Sichuan Petroleum Administration. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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marine shale gas exploration and development targets in south
China [1e3]. Over the past few years, Chinese geologists have
carried out studies on source rock evaluation, shale reservoir
characterization and strategic fairway identification for this
formation [1e9]. Overall, it is considered that the black shale
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(http://creativecommons.org/licenses/by-nc-nd/3.0/).occurrence, such as wide distribution, great thickness of
organic-rich shale (Fig. 1), and high brittleness [1e7]. How-
ever, this old shale (about 0.57 billion years B.P) with super-
high thermal evolution degree (Ro is between 2.5% and
5.0%), has had carbonification of organic matters occurring in
the Sichuan Basin and its surrounding areas, making its
accumulation conditions and gas bearing properties apparently
poorer than those of Lower Silurian Longmaxi Fm. [6e8].
Moreover, the major hydrocarbon generation source materials
in Cambrian are low planktonic algaes, without high plant
remains [6], and lack of vitrinite and bitumen, leading toElsevier B.V. This is an open access article under the CC BY-NC-ND license
Fig. 1. Black shale distribution and related well locations in this paper in the
lower member of the Lower Cambrian Qiongzhusi Fm. in the southern
Sichuan Basin (modified from Ref. [8] in this paper).
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tested in various labs, which usually can't reflect the actual
situation of thermal evolution degree, thus it is hard to select
shale gas fairway areas for the Qiongzhusi Fm. Searching for
some reliable evidences that can characterize the carbon-
ification of organic matters in marine shales and revealing its
effect on shale gas bearing properties are major scientific is-
sues in fairway identification in old shale gas plays.
Studies have proved that during the thermal evolution
process of source rocks, with the rise of thermal maturity,
organic matters are firstly degraded to kerogen; in the
changing process followed, the kerogen generates hydrocar-
bons with continuously increased volatility and hydrogen
content, along with decreased molecular weight, and finally
forming methane. With the rise of temperature, kerogen
constantly changes, so does its chemical compositions, grad-
ually turning into carbonaceous residues with low hydrogen
content and finally converting into graphite (namely carbon-
ification) [10]. Currently, at home and abroad, there are few
studies on the carbonification during the thermal evolution
process of source rocks, and there are no effective geochem-
ical methods to identify the carbonification of organic matters.
A lot more efforts have been put into the study and
exploration of the Qiongzhusi Fm. instead of the Longmaxi
Fm., in which only four wells have been drilled (numbered A,
B, H and I) for shale gas appraisal, mainly distributing in
Weiyuan, Changning and Zhenxiong areas in Sichuan Prov-
ince and Yunnan Province. Other wells (numbered D, E, F, G
and J) drilled to the Cambrian shale are all exploration and
appraisal wells for conventional oil and gas (Fig. 1). As car-
bonification of source rocks may lead to low to ultra-low re-
sistivity response characteristics in electric logging curves,based on core, logging and testing data in the Qiongzhusi Fm.,
we carried out resistivity experiments on dry organic-rich
shale samples to find out direct evidences of carbonification
of source rocks, and then calibrated the downhole resistivity
log data, and characterized the carbonification of organic
matter in the Qiongzhusi Fm. in various areas of the southern
Sichuan Basin by resistivity responses; meanwhile, by
comparing the corresponding properties (such as electric
property, lithofacies, geochemistry and adsorptive capacity,
etc.) in the Longmaxi Fm., we examined the effect of car-
bonification of organic matter in different degrees on shale gas
occurrence conditions to find out new ways for geologic
evaluation of marine shale gas with an ultra-high maturity, and
provide geologic foundation for fairway identification of shale
gas resources in the Qiongzhusi Fm.
1. The status quo of the study on the carbonification of
organic matters in shales
At home and abroad, not much study on carbonification
during the thermal evolution process of the source rocks has
been reported, and the study methods are limited to micro-
scopic observations, kerogen element analyses and well log-
ging responses etc. [10e14].
Graphite crystals in hexagonal flake structure under
microscopic observation are direct evidence of carbonification
of organic matters, but it needs microscopes with ultra-high
resolution and enough flake-like graphite crystals in rock
samples to find out this evidence. The CeC bond of graphite
hexagon is only 0.142 nm long, and each net layer is only
0.34 nm apart, but the resolution of a high magnification
scanning microscope is generally lower than 10 nm. Thus it is
very difficult and infeasible to look for graphite crystals in
organic matters with a high magnification microscope.
Kerogen element analysis is an important way to judge
carbonification of organic matters. Some researchers (such as
Chen Jianping and Cheng Keming [11,12]) thought that the
gradual decrease of atomic ratio of H/C with the hydrocarbon
generation evolution progress of organic matters was an
important and effective index to measure the maturity evolu-
tion degree of organic matters. When H/C ratio of marine
source rocks declines to below 10% (corresponding to
Ro > 3%), the source rocks enter a graphitization stage (i.e.,
carbonification). This understanding is a deduction obtained
by experimental modeling, and the max Ro value in the
experimental modeling was 3%. Therefore, it cannot
completely reflect the actual maturity status of marine shales
in southern China, and also cannot interpret the carbonization
degree of organic matters in the Qiongzhusi shale.
Resistivity logging response is an important basis for
studying thermal evolution degree of organic matters [13e15],
and it is also an indirect evidence for characterizing the
carbonization degree of shale [8]. Graphite is a highly
conductive mineral, with a resistivity of
8  106e13  106 U m at ambient temperature. In organic-
rich shales of some old formations (such as the Qiongzhusi
Fm. and Longmaxi Fm.), the organic matters, between 2% and
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or stripped forms, which has better electrical conductivity after
serious carbonization. When characterizing marine shale res-
ervoirs, we found that the shale at the bottom of the Qiongz-
husi Fm. in the Changning area has ultra-low resistivity
logging response (generally less than 1 U m), which is pre-
liminarily considered as an important evidence of carboniza-
tion of organic matters [8].
In short, the study on carbonization of kerogen in shale in
natural conditions is still in exploratory stage. It lacks direct
and reliable evidences for effective identification.
2. Electric property evidence of the carbonization of
organic matters in shales2.1. Resistivity experiment of dry samplesMarine organic-rich shale is composed of brittle minerals
(such as quartz, feldspar, calcite and pyrite), clay and organic
matters. Most of the brittle minerals (such as quartz, feldspar,
and carbonate) are in dispersed or laminated form, pyrite is
generally in spots form, organic matters are in dispersed form
(but in laminated or banded form with the increase of organic
matter abundance) in shale, and clay is generally in laminated
form [4,16e18]. Based on the study and practice of petro-
physical properties of sedimentary rocks, the matrix grains of
brittle minerals, organic matters and hydrocarbons in sedi-
mentary rocks are generally not conductive [19]; pyrite is very
low in content (mass content less than 8%, and volume content
less than 4% in general) and limited in distribution, so its
conductivity can be neglected; but the formation water with
high salinity in rock pores is the major conductive medium
[20]. Hence, the dry samples of organic-rich shale usually is
not conductive except there is graphitization of organic
matters.
We took the black shale in the Qiongzhusi Fm. and
Longmaxi Fm. in the Changning area in the southern Sichuan
Basin as our study object, and selected shale samples with
various organic matter content from the Qiongzhusi Fm. in
Well B and the Longmaxi Fm. in Well C to do resistivity
experiment on dry samples (nine samples in the former well
and two in the later well). The experiment process was as
follows: all the samples were dehydrated firstly to remove the
residual water in matrix pores, then resistivity, mineral and
TOC values of these dry samples were measured, respectively.
The experimental results (Table 1 and Fig. 2) show that the dry
samples of the two sets of shales have apparently different
electric properties.
The resistivity and TOC values of the nine dry samples
from the Qiongzhusi shale show apparent negative correlation.
The five samples from interval 1733.96e1856.20 m have a
clay content of 31.1%e44.5%, TOC value of 0.24%e2.38%
(with generally low organic matter content), their measured
resistivity values are 326.3e731553.1 U m, showing high
resistivity-insulating feature. In contrast, the four samples
from interval 1860.96e1886.40 m with a clay content of
24.9%e36.7%, TOC value of 2.71%e6.62%, have a measuredresistivity value of 6.0e51.4 U m, showing low resistivity
feature. This indicates that dry samples of organic-rich shale at
the Qiongzhusi Fm. bottom in the Changning area have
stronger conductivity, and the major conductive materials are
organic matters. Thus it can be seen that serious carbonization
has occurred in the Qiongzhusi Fm. in this block.
The above low resistivity hasn't been found in the dry
samples of the Longmaxi Fm. in Well C. The two samples
from this formation with a clay content of 16.5% and 50.5%,
and TOC value of 3.4% and 2.4%, have a measured resistivity
value of 3606.1 and 41537.3 U m respectively, showing high
resistivity-insulating feature. This indicates that carbonization
of organic matters has not occurred in organic-rich shale in the
Longmaxi Fm.2.2. Resistivity logging response of organic-rich shale
intervalsBy comparing downhole logging resistivity values and dry
sample resistivity values of nine samples from the Qiongzhusi
Fm. in Well B in the Changning area, we found that the log-
ging resistivity values are 0.177e457.93 U m, which is
generally 2e4 orders lower than dry sample resistivity values
(Table 1), but the two have apparent positive correlation. The
logging resistivity values of below 2 U m are corresponding to
dry sample resistivity values of less than 100 U m (Fig. 3).
Moreover, these nine samples also show apparently negative
correlation between the logging resistivity values and TOC
values, which is especially demonstrated by ultra-low re-
sistivity features between 1860.96e1886.40 m (an organic-
rich shale interval) (with a resistivity of 0.177e1.347 U m)
(Table 1). This means that the major downhole conductive
materials in the Qiongzhusi Fm. in the Changning area are
organic matters and formation water in shale pores and frac-
tures, among them, the formation water with high salinity is
the major medium that leads to logging resistivity values lower
than dry sample resistivity values. As the Lower Qiongzhusi
Fm. was deposited in a deep-water continental shelf setting,
the physical and chemical properties of the formation water
are generally stable in this whole interval, but the organic
abundance varies widely, only higher at the bottom of the
interval with high gamma values (192e615 API). This means
that the ultra-low resistivity response at the bottom of the
Qiongzhusi Fm. in the Changning area is mainly caused by
carbonized organic matters. Thus it can be seen that the ultra-
low resistivity response (less than 2 U m) of super-high
maturity and organic-rich shale and the low resistivity (less
than 100 U m) of dry samples can be used to directly identify
the carbonification degree of organic matters, then to evaluate
the quality of source rocks.
3. Geologic significance of electric properties of organic
matter carbonization in shales
Carbonization of organic matters is a geochemical phe-
nomenon bound to happen when source rocks enter an ultra-
high mature stage, which would have a negative effect on
Table 1
Mineral components and experiment resistivity values of cores from drilling wells in marine shales in the Changning area.
Sample
no.
Well name Depth/m Horizon Rock mineral composition/mass fraction, % TOC/% Resistivity/U m
Quartz Feldspar Calcite þ
dolomite
Pyrite Clay Measured values
from dry samples
Logging values
1 Well B 1733.96 Qiongzhusi 38.4 12.4 7.5 41.7 0.25 568710.4 403.702
2 1740.14 Qiongzhusi 40.3 5.7 22.9 31.1 0.24 731553.1 457.930
3 1836.99 Qiongzhusi 25.9 2.5 27.1 44.5 1.00 326.3 65.924
4 1841.66 Qiongzhusi 47.3 11.5 6.6 34.6 1.08 80183.5 101.707
5 1856.20 Qiongzhusi 44.8 12.7 4.5 3.7 34.3 2.38 834.1 3.812
6 1860.96 Qiongzhusi 47.8 11.8 7.3 6.8 26.4 2.71 51.4 1.347
7 1879.12 Qiongzhusi 50.4 11.1 10.7 2.9 24.9 6.62 6.0 0.177
8 1884.20 Qiongzhusi 47.1 6.1 3.7 6.4 36.7 3.09 21.5 0.320
9 1886.40 Qiongzhusi 63.2 4.6 7.3 24.9 3.96 47.4 0.282
1 Well C 2389.97 Longmaxi 43.0 3.1 34.8 2.6 16.5 3.40 3606.1 42.741
2 2498.53 Longmaxi 32.0 5.0 9.4 3.1 50.5 2.40 41537.3 23.970
132 Wang Y et al. / Natural Gas Industry B 1 (2014) 129e136shale gas occurrence in high over-mature marine formations,
mainly causing exhaustion of gas generation potential of shale,
reduction of organic pores, and drop in gas adsorptive capacity
of organic matters. By comparing electric properties of the
carbonization of organic matters in the Qiongzhusi Fm. and
the Longmaxi Fm. shale in the southern Sichuan Basin, and
combining exploration practice, we preliminarily analyzed
shale gas occurrence conditions in the Qiongzhusi Fm. and
selected fairways, and reached three understandings.3.1. A difference in carbonization degree of organic
matters and big changes in gas generation potential
areas between the south and the north of the Qiongzhusi
Fm. in the southern Sichuan BasinAfter deposition, the black shale in the Qiongzhusi Fm. in
the southern Sichuan Basin and its surrounding areas has
experienced early long-term deep burial and late uplift etc. [9].
Though high in thermal evolution degree on the whole,
affected by regional differential elevating movements, organic
matters in the northern area (JianweieWeiyuaneTongnan, i.e.,
the FeAeEeD well field), the central area (Long-
changeLuzhou, i.e., to the south of G well field) and the
southern area (ChangningeZhenxiongeDafang, i.e., BeIeJ
well field) may be different in carbonization degrees, which isFig. 2. Relationship between resistivity and TOC of dry samples from the
Qiongzhusi Fm. and the Longmaxi Fm. in the Changning area.shown as the apparent differences in resistivity logging
response of the bottom of the Qiongzhusi Fm.
At present, the fewer wells drilled to the shale at the bottom
of the Qiongzhusi Fm. mainly distribute in the northern
JianweieWeiyuaneTongnan and the southern Chang-
ningeZhenxiongeDafang (Fig. 1). In order to figure out the
carbonization degree of organic matters of the Qiongzhusi Fm.
bottom in various blocks in its northern area, central area and
southern area, based on logging and analysis testing data of
Well A (the Qiongzhusi Fm. and the Longmaxi Fm.), Well C
(the Longmaxi Fm.) and Well B (the Qiongzhusi Fm.) (Fig. 1),
we established the relationship template between logging re-
sistivity and organic matter abundance of the two shales in
three wells (Fig. 4); by comparing and analyzing the resistivity
response characteristics of the Longmaxi Fm. in the southern
Sichuan Basin (Well A and Well C), the Qiongzhusi Fm. in the
Weiyuan area (Well A) and the Changning area (Well B), we
have reached qualitative conclusions on the carbonization
degrees of organic matters and gas generation potentials of the
above three wells.
3.1.1. The Longmaxi Fm. in the southern Sichuan Basin
As a major pay zone of marine shale gas in south China, the
organic-rich shale in the Longmaxi Fm. is calcareous black
shale with rich siliceous content and medium-high organic
matter abundance. Its clay mineral content ranges from 10% to
53% (29% on average), which is similar to that of Barnett
shale (25.6%e33%) [1,18]. Fig. 4 shows that the resistivity
values of shale intervals in Well A and Well C are between 20
and 110 U m, which is similar to that of upper Barnett shale
(with GR values of 90e150 API, and resistivity values of
20e100 U m), but lower than that of Lower Barnett shale
(with GR values of 120e210 API, and resistivity values of
80e200 U m) [13,14], and generally show positive correlation
with organic matter abundance, i.e., they increase with TOC. It
can be seen that the variation trend of resistivity versus organic
matter abundance in organic-rich shale intervals of the
Longmaxi Fm. is similar to the resistivity curve features of the
Barnett shale, which represents the normal electric properties
of source rocks within hydrocarbon generation window. Dril-
ling and geochemical analysis data show that the Longmaxi
Fig. 3. Relationship between resistivity of dry samples and logging resistivity
of the Qiongzhusi Fm. in the Changning area.
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gas bearing on the whole. The depth of the shallowest wells in
the outcrop region of the Longmaxi Fm in Junlian area is less
than 300 m, and the formation pressure coefficient in some
synclines (e.g. Luzhou, Longchang, and Changning) can be up
to 1.4e2.2 [18], and hydrocarbon generation potentials
(S1 þ S2) of the residual organic matters in shale are between
0.08 and 0.50 mg/g, which indicates that the organic-rich shale
in the Longmaxi Fm is in effective gas generation window,
without apparent carbonization of organic matters, but with
fairly high gas generation potentials. The high resistivity-
isolating feature of the dry samples in Well C also proves
this point.
3.1.2. The Qiongzhusi Fm. in the Changning area
The organic-rich shale of the Qiongzhusi Fm. in the
Changning area is the combination of siliceous shale, carbo-
naceous shale and silty shale, which is similar in lithofacies,
mineral composition and organic matter abundance to the
Longmaxi Fm. [8,18,21]. Therefore, the electric properties of
the two formations should be comparable, and can reflect the
differences in organic matter maturity. Compared with the
electric properties of the Longmaxi Fm., the logging response
of Well B represents low-ultra-low resistivity feature
(generally <1 U m), and the resistivity has apparent negative
correlation with the organic matter abundance (showing
inversion), i.e., the resistivity values decrease with the increase
of TOC (Fig. 4). The discussion above has proved that serious
carbonization has happened to the organic matters. According
to drilling and geochemical analysis results, the Qiongzhusi
Fm. in Well B has no gas shows, a hydrocarbon generation
potential of the residual organic matters in the shale of
0.02e0.04 mg/g, and a hydrogen index (HI) of 1e2 mg/g,
which shows that the Qiongzhusi Fm. in the Changning area is
already at ultra-high mature stage with depleted gas generation
potential poorer than that of the Longmaxi Fm.
So far, other wells that have similar electric properties with
Well B in the Changning area include Wells G, B, H, I and J in
LongchangeLuzhou and ChangningeZhenxiongeDafang
areas (Table 2 and Fig. 1). With logging resistivity between 0.1
and 2.0 U m (average 0.5e0.8 U m), the organic-rich shale in
these wells has had no gas flow after drilling, and all show
serious carbonization of organic matters.3.1.3. The Qiongzhusi Fm. in the Weiyuan area
The organic-rich shale of Qiongzhusi Fm. in the Weiyuan
area is silty shale with medium-low organic matter abundance,
and 19% clay content. Due to a high content of brittle minerals,
the logging response ofWell A is of high resistivity (>240Um),
which is not apparently correlated with TOC (Fig. 4). We have
found evidences in related documents that the Qiongzhusi shale
in Well A in the Weiyuan area has fewer pores, and there are
collapse phenomena under the microscope, showing carbon-
ization signs of organic matters [8]. Drilling and experiment
results have proved that the Qiongzhusi Fm. inWell A produced
industrial gas flow, with a formation pressure coefficient of 1.0,
testing gas content of 1.0e3.5 m3/t, hydrocarbon generation
potential of residual organic matters of 0.04e0.1 mg/g. This
means that the thermal evolution degree and gas generation
potential of the Qiongzhusi Fm. in the Weiyuan area are in be-
tween those of the Longmaxi Fm. in the southern Sichuan Basin
and those of the Qiongzhusi Fm. in the Changning area, may be
near the lower limit of gas generation window.
So far, three other wells (D, E and F) drilled in the Tongnan
and Jianwei areas have similar electric properties to Well A in
the Weiyuan area (Table 2 and Fig. 1). Well E is in a medium-
high resistivity area (60e300 U m), in which gas shows were
detected; Well D and Well F are in a medium-low resistivity
area (2e80 U m).
Thus it can be concluded that the carbonization degree of
organic matters in marine shales in the southern Sichuan Basin
can be roughly divided into three levels (corresponding to
three stages of gas generation potential of source rocks):
1) In effective gas generation window (no carbonization of
organic matters), the electric property is normal, i.e., re-
sistivity is positively correlated with organic matter
abundance, and logging resistivity is higher than 20 U m in
general (the Longmaxi Fm. in the southern Sichuan Basin
is an example).
2) Gas generation depletion stage (serious carbonization of
organic matters) with ultra-low resistivity response, i.e., re-
sistivity is negatively correlated with organic matter abun-
dance (electric property curves are inverted), and logging
resistivity is below 2Um (such as the Qiongzhusi Fm. in the
central and southern areas of the southern Sichuan Basin).
3) Near the lower limit of effective gas generation window
(the carbonization degree of organic matters is in the
transition stage in between the above two stages): the
electric property is basically normal, i.e., resistivity is not
apparently correlated with organic matter abundance;
affected by lithofacies, this kind of shale may be high or
low in resistivity (2e20 U m) (such as the Qiongzhusi Fm.
in north area of the southern Sichuan Basin).3.2. Gas accumulation conditions of medium-high
resistivity shales are apparently better than those of the
ultra-low resistivity shalesUltra-low resistivity logging response is a typical feature of
carbonization of organic matters in high over-mature shales.
Fig. 4. Relationship between resistivity and TOC of marine shales in the
southern Sichuan Basin.
Fig. 5. Comparison of adsorption capacity of black shales in the Qiongzhusi
Fm. and the Longmaxi Fm. in the Changning area.
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carbonization of organic matters in the Qiongzhusi Fm. (i.e.,
ultra-low resistivity shales have poor physical properties) in
related papers [8]. In this paper, we mainly analyze the dif-
ferences of medium-high resistivity shales and ultra-low re-
sistivity shales in gas adsorption capacity, and discuss the
effect of carbonization of organic matters on the adsorption
capacity of high over-mature marine shales.
We collected four shale samples with ultra-low resistivity
(logging resistivity of 0.11e1.50 U m, TOC of 1.68%e7.93%)
and five shale samples with medium-high resistivity (logging
resistivity between 22.6 and 45.9 U m, TOC between 0.99%
and 3.95%) each from Well B in the Qiongzhusi Fm. and Well
C in the Longmaxi Fm. in the Changning area, respectively.
Then we entrusted Langfang Branch of CNPC Research
Institute of Petroleum Exploration and Development to doTable 2
Well logging and gas bearing data of organic-rich shale in the Qiongzhusi Fm. in
Block Well
no.
Depth (m) TOC Ro GR (A
JianweieWeiyuane
Tongnan
A 2788e2818 1.6%e4.7% 3.2%e3.6% 180e3
D 5170e5200 450e6
E 4965e4990 >100
F 4510e4565 140e2
LongchangeLuzhou G 5414e5426 150e3
Changninge
Zhenxionge
Dafang
B 1859e1890 1.9%e7.1% 4.86% 192e6
H 2510e2548 2.0%e5.2% 3.9%e4.2% 130e2
I 1676e1770 1.2%e5.2% 3.9%e4.2% 200e1
J 1720e1780 2.0%e8.02% 4.0%e5.5% 250e1
Note: the values after “/” are average values.high-temperature and high-pressure isothermal adsorption
experiments. The experiments were carried out by using ISO
300 Model Isothermal Adsorption Instrument, at a temperature
of 70 C and a maximum pressure of 20.22 MPa, with
methane as gas medium, so as to ensure that the temperature
and pressure conditions are basically identical to those at
downholes. The experimental results show that the adsorption
quantity of these two sets of shale samples, maximally
1.38e3.97 m3/t in the Longmaxi Fm and 1.61e5.8 m3/t in the
Qiongzhusi Fm., is in linear positive correlation with the TOC
value (Fig. 5). Under the similar organic matter types (both are
sapropelic and partial sapropelic mixed types) and the same
organic matter abundance (TOC ), the adsorption capacity of
the medium-high resistivity shale in the Longmaxi Fm. is
apparently higher than that of the ultra-low resistivity shale in
the Qiongzhusi Fm. (the adsorption capacity of the former isthe southern Sichuan Basin and its surrounding areas.
PI) Logging
resistivity
(U$m)
Gas bearing property Carbonization degree of
organic matter
72 247.0e2005.0 Industrial gas flow,
with gas concentration
of 1.0e3.5 m3/t
With carbonization, but
basically normal resistivity
response
00 7.0e10.0 Gas show With carbonization, but
basically normal resistivity
response
60.0e300.0 No gas show With serious carbonization,
ultra-low resistivity response
00þ 2.0e80.0 No gas show With serious carbonization,
ultra-low resistivity response
27 0.6e0.9 No gas show With serious carbonization,
ultra-low resistivity response
15 0.1e1.9/0.5 No gas show With serious carbonization,
ultra-low resistivity response
00þ 0.3e2.0/0.7 No gas show With serious carbonization,
ultra-low resistivity response
000 0.2e0.8 No gas show With serious carbonization,
ultra-low resistivity response
000 0.5e1.5/0.8 Weak gas show With serious carbonization,
ultra-low resistivity response
135Wang Y et al. / Natural Gas Industry B 1 (2014) 129e1361.2e1.25 times that of the latter). This indicates that in high
over-maturity stage, with the increase of carbonization degree
of organic matters, the gas adsorption capacity of organic-rich
shales decreases.3.3. Organic-rich shales in the Qiongzhusi Fm. with
medium-high resistivity responses in the north are
favorable shale gas regions in the southern Sichuan
BasinThe distribution areas of organic-rich shales of the
Qiongzhusi Fm. in the southern Sichuan Basin can be pre-
dicted then (Fig. 1 and Table 2). The shales in the northern
JianweieWeiyuaneTongnan area, with medium-high re-
sistivity features, gas flow tapped by drilling, and proved better
shale gas accumulation conditions, are favorable shale gas
exploration targets; while in the middle LongchangeLuzhou
area and the southern ChangningeZhenxiongeDafang area,
the shales generally with ultra-low resistivity features and no
gas shows by drilling, have been proved to be near gas gen-
eration depletion stage, with poorer shale gas occurrence
conditions, thus these areas are risk shale gas exploration areas
of the Qiongzhusi Fm..
4. Conclusions
1) Rock electric experiments on dry samples and logging
resistivity response characteristics indicate that carbon-
ization of organic matters has occurred to the organic-rich
shales in the Qiongzhusi Fm. in the southern Sichuan
Basin. It is effective to identify carbonization the degree of
organic matters and evaluate the quality of source rocks by
the low resistivity features of dry samples of organic-rich
shales in ultra-high maturity and downhole ultra-low
logging resistivity response characteristics.
2) The carbonization degree of organic matters in the
Qiongzhusi Fm. varies from the northern to southern
areas of the southern Sichuan Basin. The Qiongzhusi Fm.
in the south of the Changning area has low resistivity
features of dry samples and low to ultra-low logging
resistivity response signature, indicating serious carbon-
ization of organic matters; the resistivity curves of the
Qiongzhusi Fm. in the Weiyuan area are basically
normal, but already with carbonization, and its graphi-
tization degree is in between that of the Longmaxi Fm. in
the southern Sichuan Basin and the Qiongzhusi Fm. in
the Changning area.
3) According to the electric property features of graphitization
of organic-rich shales in theQiongzhusi Fm., the shales with
a medium-high resistivity are apparently better in gas gen-
eration potentials, development degrees ofmatrix pores, gas
adsorption capacities, etc. than those shales with an ultra-
low resistivity. The JianweieWeiyuaneTongnan area in
the north of this study area where the shales have amedium-
high resistivity, and gas flows have been tapped by drilling,
is a favorable area for shale gas exploration in the Qiongz-
husi Fm..Fund project
National Science and Technology Major Shale Gas Project
(No. 2011ZX05018-001), National Key Basic Research and
Development Plan (“973” plan) project (No. 2013CB228001),
Investigation and Evaluation of National Oil and Gas Re-
sources Strategy Constituency Project (No. 2009GYXQ1 5-01).
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